The ever increasing death of patients affected by various types of fatal cancers is of concern worldwide. Curative attempts by radiation/chemotherapy and surgery are often a failure in the long run. Moreover, adverse side effects of such treatments burden the patients with painful survival at the last phase of their life. The failure of early diagnosis is one of the root causes of the problem. Intensive research activities are being pursued in reputed laboratories across the globe to find superior diagnostics and therapeutics. Over the last decade, a number of publications have highlighted RNA interference based silencing of cancer-related gene expression as a promising technology to tackle the aforesaid problems. Superparamagnetic iron oxide nanoparticles (SPIONs) are reported to be excellent vehicles for short-interfering RNA (siRNA). The SPION-siRNA conjugate is biocompatible, stable, and amenable to specific targeting and can cross the blood brain barrier. The issues related to their synthesis, surface properties, delivery, tracking, imaging in relevance to cancer diagnostic and therapeutic, and so forth demand an extensive review, and we have addressed these aspects in this paper. The future prospects of the technology have also been traced.
Introduction
The number of patients suffering from various fatal types of cancers (lung, breast, prostate, etc.) has been increasing worldwide, irrespective of the countries that are developed or developing. Several nonspecific treatments include radiation therapy and chemotherapy. The treatment failure continues to be very high, and multidrug resistance is known.
The adverse side effects of drugs and drug formulation vehicles are of serious concern [1] . Capecitabine, the oral prodrug for fluorouracil, for example, given to ovarian, prostate and pancreatic cancer patients develop systemic toxicity [2] including neutropenia, stomatitis, and so forth [3] . Similarly, breast cancer patients treated with anthracyclines and taxanes as well as antibody therapies (anti-HER2 drug herceptin) exhibit long-term cardiotoxicity. The blood brain barrier (BBB) is a major obstacle in the treatment of brain cancer through intravascular drug application because only a small fraction of the drug actually reaches tumor, and most local delivery methods bring neurotoxicity [4] . As a result of such healthcare complications in cancer patients receiving prolonged treatments, only palliative treatments are prescribed in many cases at the last phase of their survival. Targeted drug delivery systems (liposomes, micelles, polymer drug conjugates, etc.) have short comings of drug leakage in vivo, packaging limitations, reduced potency, and so forth.
In the last decade, several exciting articles on RNAi have been published on their potential in suppressing oncogenes by silencing. The 20-30 nucleotides double-stranded small or micro-RNAs (siRNAs or miRNAs) cause natural posttranscriptional gene silencing in eukaryotic cells [5] . The delivery of siRNAs was experimented by conjugating with natural or synthetic polymers and using nanoparticles as a vehicle. The last one are the most important because of their nontoxicity, effectiveness due to large surface area, and ability to cross tight junction of endothelial cells in blood brain barrier. Superparamagnetic nanoparticles can act as agents for effective treatment of cancers, especially brain tumor. Superparamagnetic iron oxide nanoparticles (SPIONs) have interesting properties such as biocompatibility, stability in body fluids, nonimmunogenicity, and amenability to coating/conjugation for cell-specific targeting 2 Journal of Nanomaterials and imaging/tracking. Overall, SPIONs could be designed into a multifunctional unit [6] [7] [8] .
A recent article on the possibility of gene delivery by SPIONs in three-dimensional cell cultures underscores the amazing potential for this promising technology. In this paper, we review the usefulness of the versatile SPIONs with regard to their superiority as a vehicle for RNAi-mediated gene silencing. We present here their importance as an evolving new class of cancer diagnostics and therapeutics.
SPION Synthesis for Biomedical Application
When the material dimension is reduced to nanoscale, the enhanced magnetic property is superparamagnetism. Ferro-or ferri-magnetic materials at sizes on the order of tens of nanometers become a single magnetic domain and maintain one large magnetic moment. At sufficiently high temperatures (i.e., blocking temperature TB), free rotation of the particle is however induced resulting in a loss of net magnetization (i.e., their magnetization appears to be in average zero, and they are said to be in the superparamagnetic state) in the absence of an external field [42] . SPIONs are the most commonly used superparamagnetic nanoparticles for biomedical applications (i.e., immunoassays, magnetic resonance imaging, magnetic cell separation, magnetic oligonucleotide and nucleic acid separation, drug delivery, etc.). There has been intense investigations by chemists and material scientists over the synthesis of SPIONs.
SPIONs can be synthesized by either chemical or mechanical approaches. Chemical synthesis is however more suitable for the production of SPIONs of uniform size and composition [43] . A variety of synthetic processes have been adopted for the production of iron oxide nanoparticles ranging from the more conventional wet chemistry solutionbased methods to more fascinating techniques such as laser pyrolysis. The two most commonly employed methods for SPION synthesis for biomedical application include alkaline coprecipitation and microemulsion of Fe 2+ and Fe 3+ salts [44, 45] .
Coprecipitation.
Coprecipitation is the most commonly followed synthetic route for SPION synthesis because it is the simplest and most efficient pathway [6, [45] [46] [47] . Iron salts are coprecipitated with a strong base under aqueous conditions to yield the core of the SPION [48] . During nanoparticle formation, conditions are optimized to yield a short nucleation event followed by a slower growth phase. The end product obtained has good monodispersity [49] . The SPION core has two fates. One is the direct conjugation of the core with surface coatings, while the other is the purification and dispersion in a multistep procedure followed by surface coating [44] . The major advantage of coprecipitation is the quantity of nanoparticles that can be synthesized [50] . Another advantage is that the size and magnetic quality of the nanoparticle can be controlled by manipulating factors like ionic strength of the solution, pH, and stoichiometry of the reactants [44] . Controlling the crystal growth step is inevitable for producing SPIONs of sub nm size [45] . In order to improve the uniformity and stability of SPIONs, modifications of the standard coprecipitation approach have been investigated. Synthesis of SPIONs by alkaline coprecipitation of ferric (0.086 M) and ferrous (0.043 M) salts has been reported [11] . SPION synthesis by coprecipitation of FeCl 2 , FeCl 3 , and 2, 2 (ethylenedioxy)bis(ethylamine) (EDEA) in the presence of PEG has also been reported [21] .
2.2.
Microemulsion. This method of SPION synthesis is relatively new. Microemulsion is a thermodynamically stable, isotropic dispersion of two immiscible liquids. For waterin-oil (water in oil: W/O) microemulsions, water droplets behave as nanoreactors in a continuous phase (oil), stabilized by a monolayer of surfactant, at the interface of the two liquids [45] [46] [47] . Unlike coprecipitation method, little control of particle size and shape has been achieved by controlling factors like pH and reactants stoichiometry but is generally more controlled with respect to size distribution. SPIONs synthesized by microemulsion technique also suffer from poor crystallinity. This situation can, however, be handled by annealing [44, 45] . The overall hydrodynamic radius is a critical factor in determining the particle diffusion.
Other methods for SPION preparation that are reported in the literature include thermal decomposition [6, 46, 49, 51] , sol-gel method [43, 45, 50] , hydrothermal method [43, 47, 50, 51] , polyol method, and so forth [43, 50] . Despite the difficulty faced in controlling the nanoparticle dynamics with respect to size and crystallinity, they have been used extensively for biomedical applications. The main advantages of using SPIONs for biomedical applications are (i) they aggregate only in the presence of a strong external magnetic field over an extended period of time which facilitates the particles to maintain their colloidal stability and avoid aggregation, (ii) they have greater surface area to volume ratio due to their small size, which improves its binding kinetics [52] , (iii) SPIONs attached with a drug can be injected and guided through the body to target sites (i.e., tumour) by the application of an external magnetic field [45] , (iv) they can be visualized by magnetic resonance imaging (MRI) [25, 37, 46, 49, [52] [53] [54] , and (v) they can be heated to provide hyperthermia for cancer therapy [53] . They also have magnetic susceptibilities much higher than paramagnetic materials [52] . Hence, there are several aspects for the application of SPIONs including diagnostic molecular imaging [52] , delivery of drug and gene and targeted therapy [37, 45, 49, 52, 55] .
Commonly Used SPIONs and Their
Surface Properties [6, 8, 26, 56, 57] . A typical SPION consists of a magnetically active core with a stable core coating to which targeting ligands, imaging modalities, and therapeutic agents are anchored (see Figure 1 ). The function of surface coatings is to (i) prevent agglomeration of iron oxide core, (ii) enable conjugation of drug molecules, targeting ligands, imaging modalities, and so forth, to the surface, (iii) limit nonspecific cell interactions and (iv) prevent toxic elements to leach into the body during in vivo application [49] . There are many choices of coating materials like silica, gold, natural polymers (carbohydrates (e.g., dextran; starch), proteins (e.g., albumin, RGD), and lipids), and synthetic organic polymers [poly(ethyleneglycol) (PEG), and polyvinyl alcohol (PVA), polyethyleneimine (PEI)] [49, 55] . A list of biomolecules for matrix coating and their corresponding application in biomedicine has been reported [53, 55] . The surface of the SPIONs needs to be modified in order to attach biomolecules to the surface. Otherwise biomolecules may not bind, or bound biomolecules may interact poorly with the surface of the nanoparticles resulting in the instant release of these biomolecules during delivery. Modification through organic linkers is the preferred option as it provides a wide range of surface properties to suit biomolecules in various conditions. For example, when applying for gene and drug delivery, the most suitable surface is a positively charged one whereas to bind proteins like lysozyme and antibodies, negatively charged surface is favored. Organic linkers include amine (-NH 2 , -NHR, -NR 2 ), carboxylic acid (-COOH), aldehyde (-CHO), and thiol (-SH) [49, 55] . For successful application, SPIONs need to be engineered carefully with respect to its size, shape, coating, and surface modifications to specifically target damaged tissue. Each of these design parameters must be thoroughly evaluated to produce a NP that can overcome biological barriers and carry out its function efficiently. A number of chemical approaches have been used for the conjugation of targeting, therapeutic, and imaging reporter molecules with NP surfaces [49, 58] . These can be categorized as covalent linkage strategies (direct nanoparticle conjugation; click chemistry; covalent linker chemistry) and physical interactions (electrostatic; hydrophilic/hydrophobic; affinity interactions).
The choice of chemistry depends on the chemical properties of the SPION and the functional groups of the coating and ligand to be linked. SPIONs can be coated by a number of approaches (i) end-grafted polymer-coated MNP: polymers are generally anchored to the NP surface by polymer end groups resulting in brush-like extensions, (ii) SPION fully encapsulated in polymer coating: the NP core is uniformly encapsulated by the coating by in situ and postsynthesis modification with polysaccharides and copolymers, (iii) Liposome encapsulated MNP: a shell is created around the SPION core by micelle forming molecules liposomes [49, 52] (see Figure 2 ).
SPIONs for Cancer (Drug Delivery and Imaging)
SPIONs have attracted a great deal of interest in biomedical research and clinical applications over the past decades specially for targeted drug delivery combined with magnetic resonance imaging (MRI) for non-invasive, early cancer detection, and treatment. Surface properties, specifically designed for cell targeting are required for this purpose. The general strategy involves creating a biocompatible polymeric or nonpolymeric coating and subsequently conjugating bioactive molecules to it. Since SPIONs only exhibit magnetic properties in the presence of an applied magnetic field, they have the advantage of being used in both in vitro as well as in vivo applications such as hyperthermia [59] , magnetic drug targeting (MDT), magnetic resonance imaging (MRI), gene delivery and wide range of applications in the detection, diagnosis, and treatment of cancer. SPIONs have shown clinical efficacy in cancer drug delivery and imaging. Some formulations are now FDA-approved for use in the clinic. Some SPION formulations designed for cancer therapy have been listed in Table 1 . 
Drug Delivery

Chemotherapeutic Drugs.
Targeted drug delivery systems (DDSs) for cancerous cells maximize the efficiency of chemotherapy and radiotherapy and reduce its side effects as well as dosage and cost [46] . In MDT, SPIONs loaded with anticancer drugs are administrated either intravenously or intra-arterially and randomly circulated in the blood stream. When an external high-gradient magnetic field is applied at the desired site, the drug/carrier complex is accumulated at that site. Later, the drug is released via enzymatic cleavage or changes in physiological conditions, such as pH, osmolality or temperatures. Another advantage of using SPIONs is that the success of MDT in distributing and capturing these particles can be traced by MRI. The criteria for SPIONs to be used as carriers for MDT includes a size range of 10-100 nm to avoid renal clearance and extravasation by the reticuloendothelial system, a strong magnetic force to overcome the drag forces from blood flow, hydrophilic surfaces to maximize blood circulation and reduce absorption by plasma proteins [46] . Conventional drugs such as mitoxantrone, doxorubicin, and methotrexate can be either attached or encapsulated in SPIONs for the treatment of tumors [9, 25, [60] [61] [62] [63] . Carriers can be specifically designed to enhance the efficacy of these therapeutic agents. It is also possible to engineer characteristics such as loading capacities and drug release profiles by controlling structural and chemical features within the SPION conjugate.
Proteins and Peptides.
Peptides and proteins constitute a new generation of drugs. Chlorotoxin (Cltx), a peptide with high affinity for a variety of tumors, is currently being evaluated for applications in cancer imaging and therapy. In addition to serving as a targeting agent, Cltx also exhibits the ability to inhibit tumor invasion, which is particularly useful in the treatment of highly invasive brain tumors such as gliomas [21, 64] . The biggest barrier in using protein drugs for therapy is however its transportation across the tissue [65] . SPIONs of narrow size ranges are easily produced and coupled to proteins, enabling its easy delivery into the cell.
A number of SPION formulations have been investigated as carriers of therapeutic proteins and peptides [10, 19, 21, 26, 56] .
DNA and siRNA.
Antisense and gene therapy have been areas of intense research due to their vast potential in medicine. Most of the efforts in gene therapy currently aim at cancer. For the in vivo application of DNA and siRNA, it should be efficiently and stably transferred across the cell membrane, should have a convenient blood half-life, and must be available to the tissue in optimum quantity [39] . Hence, there should be a way to deliver them noninvasively to tissues of interest. Also to conceive and optimize the delivery and treatment strategies, using clinically relevant imaging paradigms is needed. SPIONs may be designed to serve as new dual-purpose probe for the simultaneous noninvasive imaging and delivery of DNA and siRNAs to tumors (magnetofection). This technique has been successfully applied for in vitro transfection and is presently being optimized for in vivo applications [37, 49] .
Targeting Ligands.
A promising approach toward increasing the local accumulation of SPIONs in diseased tissue is specific targeting of cancer cells by the conjugation of targeting molecules to SPIONs that possess high affinity toward unique molecular signatures found on malignant cells. By integrating cancer cell-specific ligands, these multifunctional MNPs can serve strictly as a vehicle for drug delivery [41] .
Magnetic Fluid Hyperthermia (MFH) Therapy.
Cancerous cells are more sensitive to temperature than normal cells. Hence, Hyperthermia is a very promising treatment for cancer. Heating devices for hyperthermia include ultrasound, microwaves, laser fibers, and so forth. SPIONs can act as transducers to the tumor cells by converting AC electromagnetic energy into heat which targets only the SPION-loaded cells [67] . The use of SPIONs facilitates hyperthermia treatment because (i) they are nano-sized (they have greater specific absorption rates than micrometersized particles), (ii) magnetic (they can be localized and Ligand targeted drug delivery and MRI [26] controlled in deep tissues enabling efficient heating), and (iii) their surface can be modified for high cellular selectivity [46] .
4.2.
Imaging. Nanobiotechnology plays an important role in molecular imaging of cancer cells for diagnostic purpose, particularly magnetic resonance imaging (MRI) and computed tomography (CT). Significant efforts have been made in recent years to develop SPIONs for target-specific MRI contrast agents (Table 1) because of their unique paramagnetic properties, which generate significant susceptibility effects resulting in strong T2 and T * 2 contrast, as well as T1 effects at very low concentrations [42, 48, 68, 69] . SPION can provide critically important insights into the rate of tumor growth, degree of tumor angiogenesis, FDA has approved several SPION formulations for clinical application as contrast agents in MRI. Most of the SPION preparations on sale are in a size range from 60 nm to some micrometers. When SPIONs are injected intravenously, they are quickly engulfed by the reticulo-endothelial system (RES) and accumulate in the liver and spleen [70] . Due to such accumulation, SPIONs have been exploited for the detection of lesions and tumors in the liver. USPIO nanoparticles, because they are much smaller than the SPIONs, do not accumulate in the RES system and are characterized by 6 Journal of Nanomaterials longer blood circulating times. Several forms of SPIONs have proven to be safe for human use [71, 72] . SPIONs can be internalized by various cell lines, which allows for magnetic labeling of the targeted cells [71] . All these features give SPIONs huge advantage for in vivo tumor imaging and drug delivery compared with other types of nanoparticles. Another advantage is the early detection of metastases which plays an important role in the management of metastatic cancer. Patients with prostate cancer who undergo surgical lymph node resection or biopsy, MRI with lymphotropic superparamagnetic nanoparticles is an alternative since it can correctly identify all patients with nodal metastases. This diagnosis is not possible with conventional MRI alone. Zhang et al. reported the fabrication of USPIO nanoparticles that exhibited a strong T * 2 contrast enhancement in gelatin gels when incubated with HUVECs in vitro in the phantom imaging experiments to access the angiogenic profiles of tumor [26] .
siRNA in Cancer Therapy
RNA interference (RNAi)-the silencing of gene expression by double-stranded RNA molecules was first discovered by Andrew Fire, Craig Mello and colleagues in 1998 in nematode worms C. elegans [5] . The different stages where gene silencing can be induced by dsRNA have been depicted in Figure 3 . RNAi is triggered when a cell encounters a long double-stranded RNA (dsRNA), which might have been produced by the introduction of a transgene, a viral intruder or a rogue genetic element.
RNA molecules that are a part of the RNAi mechanism include (i) siRNA (short-interfering RNA, short [21] [22] nucleotides long dsRNA); (ii) miRNA (microRNAs, short 19-25-nucleotide long ssRNA); (iii) tncRNA (tiny noncoding, 20-22-nucleotide long RNAs in C. elegans); (iv) smRNA (small modulatory RNA, short dsRNA in mice) [5] .
RNAi technology has been widely employed for the manipulation of gene expression in mammalian and human cells to elucidate signal pathways and to identify the function of a particular gene in the genome. Many pharmaceutical companies are interested in the commercialization of RNAibased drugs for various diseases, especially in cancers. Alterations in cancer-susceptibility genes (oncogenes and tumor suppressor genes) are involved in different stages of tumor genesis like tumor initiation, progression, angiogenesis, and metastasis [73] . RNA-mediated gene-silencing is a powerful tool for identifying genes critical for the growth, differentiation, death of cells, and so forth (see Table 2 ). These genomic functional RNA molecules can be targeted with small fragments of their cognate sequences as the most ideal drug.
The two types of RNA molecules that are central to RNA interference are miRNA and siRNA. Here we focus mainly on siRNA. siRNA is generated by the cleavage of long double-stranded RNA sequences by Dicer. After cleavage, the "sense" strand is removed, leaving a single-stranded siRNA (antisense strand) lodged inside RNA-induced silencing complex (RISC). The antisense strand is then used by RISC to guide it to the target mRNA transcript [5, 74] .
Mammalian RNAi was first described in mouse embryos using long dsRNA. The siRNAs are emerging as new generation biodrugs because of their specific and potent triggering activity. siRNAs offer several advantages as potential new drugs since (i) siRNA does not interfere with DNA transcription which reduces concerns about possible adverse gene manipulation that might result from DNA-based gene therapy, (ii) The interaction of siRNA with mRNA rather than proteins, makes it possible to reduce the production of harmful proteins, (iii) SiRNA-based drug can target any mRNA of interest, irrespective of its cellular location, (iv) only a few siRNA molecules per cell are required to produce the desired gene silencing effect, and (v) the identification of appropriate drug candidates using siRNA is simpler compared to traditional pharmaceuticals. Despite the several advantages of using siRNAs as potential new drugs, there are also challenges that need to be overcome in future research. (i) the silencing of nontarget genes may lead to problems in interpretation of data and potential toxicity. (ii) siRNA may result in the activation of innate immune responses upon its uncontrolled introduction inside the cell leading to several non specific events. (iii) SiRNAs are unable to enter cells by passive diffusion mechanisms since they are anionic and hydrophilic in nature [75] . Synthetically prepared siRNAs have gained wide acceptance as a laboratory tool for the validation of a target. siRNAs are highly efficient for the knockdown of gene (see Table 2 ) messages in vitro and in vivo that are pivotal for tumor cell growth, metastasis, angiogenesis, and chemoresistance, leading to tumor growth suppression [76] . Chemically synthesized siRNAs can be introduced into the cell either directly or by the use of plasmid and viral vectors encoding for siRNA [77] .
Delivery and Tracking of siRNA with SMNPS
6.1. Delivery. Not surprisingly, genetically modified viruses (viral vectors) are the most efficient shuttles that are currently used for introducing nucleic acids into cells. For various reasons, including the possibility of biological risks, practicability, and the costs of manufacturing, researchers have however focused on synthetically designed alternatives [36] to viruses as nucleic acid shuttles. Moreover, the delivery via viral or synthetic vectors is diffusion-limited one irrespective of the size of the nucleic acid constructs. In other words, the time required by vectors to encounter their target cells by simple diffusion and bind to their surface constitutes a major limitation for the successful delivery of nucleic acids. This limitation is even more prominent in vivo (living animals or patients) where vectors are inactivated by opsonization, immune system and degradative processes and can be purged from the target tissue by the blood stream even upon local administration. The local confinement of nucleic acid delivery is particularly an important requirement in vivo to achieve an effective dose at a target site and reduce side effects at nontarget sites. Hence, for the successful application of siRNAs in cancer treatment, the following points should be taken into consideration: size limit, to avoid difficulty in membrane penetration, degradation by exonucleases within the cell, trafficking into the appropriate cell compartment, and proper folding of the siRNA in the cell [79, 80] . In this background, the principles of magnetic drug targeting (or magnetofection) to nucleic acid delivery using magnetic nanoparticles have been adapted. The fundamental principle of magnetofection is simple. It involves the formulation of a magnetic carrier to which the siRNA is attached, adding this to the cell culture medium or injecting it systemically via the blood stream or applying it to the target tissue, and applying a magnetic field to direct the vector towards the target cells [81] . It has been reported that the driving force for increased transfection efficiency when complexed with magnetic vectors is accelerated sedimentation of nucleic acids. About 78% and 66% GFP downregulation were observed at siRNA concentrations of 32 and 8 nM, respectively, when transfected with duplexes of PEI-25Br-Mag material and anti-GFP siRNA at Fe-to-DNA ratio of 1 : 1 [82] . Effective delivery of siRNA was achieved with LipoMag, consisting of an oleic acid-coated iron oxide core and cationic lipid shells, in mice gastric tumor models [83] . SPIONs generally consist of a magnetic iron-oxide core either encapsulated within a polymer or metallic shell or dispersed within a polymer matrix-such as silica, PVA, or dextran. The shell is then functionalized by attaching carboxyl groups, streptavidin, antibodies, and so forth. For in vitro magnetofection, the particles are usually coated with PEI, binding the nucleic acids to the surface of the SPION via charge interactions [84] . It is generally believed that positively charged nanoparticles are most efficient for siRNA delivery. In vitro magnetofection kits which utilize cationic polymer-coated MNPs are commercially available for routine laboratory use. In vivo delivery of siRNA with SPION particles is also being investigated. The role of siRNA nanoparticles as multifunctional siRNA delivery agents for effective cancer therapy has been demonstrated [40] . It would also enable real-time monitoring of the therapeutic outcome of siRNA therapy. The ability of SPIONs and poly(propyleneimine) generation 5 dendrimers (PPI G5) to enhance siRNA complexation in order to develop a multifunctional siRNA delivery system for targeted cancer therapy was investigated. The incorporation of poly(ethylene glycol) (PEG) coating and cancer-specific targeting moiety (LHRH peptide) into SPIO-PPI G5-siRNA increased the serum stability and selective internalization by cancer cells and increased the efficiency of targeted gene suppression in vitro [40] . A TAT-conjugated PEGylated magnetic polymeric liposome (TAT-PEG-MPLs) with superparamagnetic nanoparticles was successfully designed and evaluated in vitro and in vivo by [85] . Cell penetration tests were performed through fluorescein isothiocyanate (FITC) labeling. Results indicated that the uptake of TAT-PEG-MPLs by MCF-7 cells was greater than that of PEGMPLs. In vivo animal experiment, MRI, histological analysis, and atomic absorption spectrophotometry also revealed significant accumulation of TAT-PEG-MPLs nanoparticles around the target site [85] .
Cellular Tracking.
In spite of the successful delivery of siRNA using various nanomaterials, tracking their delivery and monitoring their transfection efficiency is an essential requirement and is difficult without a suitable tracking agent or marker [86] . The aim is to develop nanoparticles, which would not only enable cancer-specific targeting, effectively deliver sufficient dose of siRNA to target cells to induce gene silencing, but also provide the capability of carrier monitoring [49] . Recently, several strategies to track the gene delivery using nanoparticles of imaging modality have been reported [51] . SPIONs have been widely explored for this purpose (see Table 3 ). They are particularly useful for viewing the location and trafficking of siRNA, for in vivo applications [66] .
Targeting Cancer Cells with siRNA-SMNPS
The objective of an efficient delivery system is to discharge their payloads specifically at the diseased tissue. Two approaches to serve this purpose are "passive" and "active" targeting. Passive targeting involves homing of the carriers to infected tissues, whereas active targeting relies on specific recognition of the ligands attached to the delivery vehicles by cell surface receptors on the diseased tissue [53, 68, 87, 88] .
Passive Targeting.
Passive targeting involves the specific migration of the nanoparticle to the target tissue mediated by the predetermined physicochemical properties of a given NP [89] . The phenomenon is based on the fact that tissues possess "leaky" vasculature allowing the extravasation and accumulation of the nanobioconjugate in the tissue more readily. Moreover, inefficient lymphatic drainage results in poor clearance of these agents, leading to selective accumulation [49, 52, 90] . With the development of longcirculating magnetic nanoparticles, exploiting the structural abnormalities in the vasculature of particular pathologies, such as tumors, has become easier. Passive targeting has been demonstrated with nanoparticles ranging from 10 to 500 nm in diameter [52] . SPIO probes lacking molecular specificity have been well documented for imaging biological systems via naturally directed physiological process. For passive targeting, the most important parameter is the hydrodynamic radius and the surface charge of the SPIO coating material. These parameters control the time of circulation of the nanoparticles, its accessibility to tissues, opsonization, and rate of uptake by the cell [6, 90] . Passive targeting is available for only certain in vivo applications and does not necessarily guarantee the uptake of the SPIONs by targeted cells. Hence, they can be additionally modified with molecular targeting ligands to employ active cell targeting. SPIONs are now being designed such that they are conjugated with targeting molecules, complementary to unique receptors on target cells, to actively target only diseased tissue.
Active Targeting.
The 2 major goals in the development of therapeutic agents or imaging contrast formulations are greater target selectivity and better delivery efficiency. Ideally, a therapeutic drug must be selectively enriched in the tumor lesions causing minimal damage to normal tissues [68, 91] . Several approaches to improve the selective toxicity of anticancer therapeutics are being pursued presently of which the most commonly used method is the ligandmediated targeting of anticancer therapeutics. The basic principle that underlies ligand-targeted therapeutics is that the drug molecules are precisely associated with other antibody/ligand molecules that bind to antigens/receptors, uniquely expressed or over-expressed on target cells compared with normal tissues [68] . Cancer biomarkers include a variety of molecules such as mutant genes, RNAs, proteins, lipids, carbohydrate, and small metabolite molecules. Their altered expression or presentation on the cell surface is related to a biological change expressed as neoplasia. Identifying these cancer biomarkers could enhance the possibility to diagnose the patient's cancer molecular profile, leading to personalised and predictive medicine [92] . By coating nanoparticles with drug conjugates that contain a ligand recognized by a receptor on the target cell the selective delivery of drugs to cancer cells or cancer-associated tissues such as tumor vasculature, can be achieved [93] . Multifunctional nanoparticles can combine different functionalities including small organic molecules [37, 49, 58, 94] , proteins [20, 94, 95] , antibodies [58, [96] [97] [98] , aptamers [49, 58, 94] , and peptides [9, 10, 21, 26, 56, 58, 94, 95, 99] in a single stable construct. A number of SPION systems have implemented this strategy into their design with varying success. These sophisticated multifunctional nanoparticle probes can successfully deliver itself into deep tissue, target specific cell types, and generate contrast based on targetspecific clustering. In order to target cells in vivo, it is essential to graft high-affinity ligands on the nanoparticles surface to favor specific interactions and to prevent the interactions with serum protein and subsequent capture by the RES [100, 101] . Also to generate sufficient contrast for MR detection, adequate levels of SPION should be localized at a disease site. With this goal in mind, several approaches have been evaluated to improve the site-specific accumulation of SPION and enhance MR sensitivity. Active targeting is preferred to passive targeting as it could allow the early detection as well as more accurate staging of cancer. Numerous studies have already established the active targeting strategies to identify early cancer biomarkers [6] . siRNA "targeted" therapeutics for sequence-specific gene inhibition promise the ultimate level of precision in cancer therapy, but the hindrance lies in the poor intracellular uptake, limited blood stability, and nonspecific immune stimulation. To address these problems, sterically stabilized nanoparticles with targeting ligands have been adapted for siRNA therapeutics. Self-assembling nanoparticles have been fabricated, carrying siRNA and with Arg-Gly-Asp (RGD) peptide ligand attached at the distal end of the polyethylene [ 40] glycol (PEG) [102] . The intravenous administration of this nanovector into tumor-bearing mice targeted tumor neovasculature expressing integrins, gave selective tumor uptake, siRNA sequence-specific inhibition of vascular endothelial growth factor receptor-2 (VEGF R2) protein expression and inhibition of both tumor angiogenesis and growth rate. Hence, the results suggest achievement at two levels of targeting: tumor tissue selective delivery via the targeting ligand and gene pathway selectivity via the siRNA [102] . The possibility of utilizing TCL-SPIONs in distinct ways to develop combined therapeutic and diagnostic modalities by incorporating siRNA and small-molecular anticancer drugs have been reported [18] . A patient has completed the first successful dosing cycle with small-interfering RNA (siRNA) for the treatment of cancer in a clinical trial. Animal cell culture in 3D architecture with abilities of cell adhesion, proliferation, and differentiation is an exciting area of research in simulating in vivo conditions. Various scaffolds have been described as promising in engineering tissues to achieve the aforesaid cell/tissue properties. Neural, skeletal, and cardiovascular cells/tissues are being engineered for the purpose. The flow of liquid and gaseous ingredients carrying nutrients, drugs and cell tracking/imaging molecules assume great significance to study cell/tissue behavior in 3D architecture. Polyethylenimine (PEI)-coated superparamagnetic nanoparticles (SPMNs) were shown to deliver interfering RNA and green fluorescent protein (GFP) plasmids through a collagen gel matrix into 3D cell cultures driven by an external magnetic field. PEI-coated SPMNs silenced the GFP expression with 82% efficiency [104] . These nanoparticles can also deliver small molecules and macromolecules with reduced mass transfer resistance.
Nanofiber-scaffold-mediated delivery of small-interfering RNA (siRNA) provided biomimicking topographical signals and enhanced gene silencing effects to seeded cells [105] . The feasibility of encapsulating siRNA and transfection reagent complexes was demonstrated within nanofibers comprising of a copolymer of caprolactone and ethyl ethylene phosphate. Sustained release of bioactive naked siRNA was obtained for about a month.
A few recent articles described fascinating possibilities of using SPIONs in tissue engineering and also in creating 3D cell-dense construct by manipulating their magnetic properties. Poly (L-lactide-co-glycolide) SPION fibrous bundles were fabricated through electrospinning technique [106] . They demonstrate 3D self-assembly of these fibrous bundles in 3D architecture by applying an external magnetic field. C2C12 myoblasts cell rods were formed (similar to those of native skeletal muscle tissues), and in differentiation medium they formed multinucleated myotubes.
Future Prospects
The siRNAs regulate almost all aspects of cancer (i.e., proliferation, apoptosis, metastasis, etc.) and are therefore versatile tools in cancer theragnosis. Using SPIONs as vehicle, their entry in cells/tissue, passage within cells, and the molecular mechanisms of their interactions could be well monitored.
The precise synthesis of siRNA molecules enables perfect inactivation of target mRNAs. In addition, their ability of crossing blood brain barrier will help understand brain tumor-related events which are otherwise not reachable now. As the siRNAs have the ability to silence diverse gene functions, the overall understanding of the events related to cancer diagnosis and therapy would evolve a systems biology approach in cancer treatment.
All these achievements in targeted cancer therapy using SPIONs conjugated with siRNA and targeting ligands suggest that for the first time it may be possible to tackle cancer management needs and individualize therapies by developing personalized treatments. Clinical laboratories have started using nanotechnology-based assays to detect tumor biomarkers of each patient as well as formulate the nanoparticles using the same biomarkers, carrying the specific genetic drug (i.e., siRNA) designed to knock down the biomarker protein related to that tumor. Some SPION formulations approved clinically include Feridex IV and Endorem for liver and spleen imaging, Ferumoxytol for iron replacement therapy, Combidex for imaging lymph node metastases, and Lumiren and Gastromark for bowel imaging [45, 49, 52, 107] . Ferumoxtran-10 is a commercially available USPIO [108] [109] [110] .
Targeted-specific immune cells in detecting metastatic liver in vivo by tagging β-glucan with SPION and accumulation in Kupffer cells were confirmed by MRI [111] . The further possibility of real-time study of in vivo migration and differentiation of stem cells is likely to enable imaging of all aspects of differentiation and development continuously [112] . A recent publication [113] on the achievement of delivering both hydrophilic and hydrophobic drugs by oligo-/multil-amellar hybrid SPION-liposome nanostructures based on phosphatidylcholine indicates the more versatile nature of SPION-mediated drug delivery. The encapsulation of the SPION inside multi-lamellar structure helped stabilize them against aggregation and sedimentation for 3 months. The vistas of SPION-siRNA diagnosis and therapy are depicted in Figure 4. 
Conclusion
(i) microRNAs (miRNAs) are nonprotein-coding RNAs that control diverse gene targets and can induce silencing of many genes. Short-interfering RNAs (siRNAs) are 21-22 nucleotide long dsRNAs generated by dicer cleavage of long dsRNAs and can bind to nontranslated region of mRNAs resulting in degradation of target mRNAs. Chemically synthesized siRNAs could be used as biodrugs, for treatment of cancer; (ii) superparamagnetic nanoparticles are excellent biocompatible vehicles for siRNA and can cross blood brain barrier. Superparamagnetic iron oxide (magnetite, maghemite, etc.) nanoparticles (SPIONs), coated with suitable linker molecules, can conjugate with a variety of target biomolecules including fluorophore for non-invasive imaging and siRNAs for gene silencing. SPIONs have also been used as cancer drug delivery systems; (iii) SPIONs could commonly be synthesized by coprecipitation and microemulsification techniques, and the former is proved to be superior; (iv) SPIONs have also been used in magnetic fluid hyperthermia (MFH) therapy for cancer by employing them as transducers for converting AC electromagnetic energy to heat in target cancer cells, that are more sensitive to heat than normal cells; (v) commercial products like Combidex and Endorem have already been used in Europe for the early detection of metastases;
(vi) the possibility of achieving 3D tissue architecture in SPION-coated biomaterial fibers is an exciting incentive in research in simulating in vivo conditions in vitro.
